Objective: To investigate the role of Á‰ T cells in the regulation of immune response in Plasmodium falciparum infection. Methods: Á‰ and ·ß T cells were purified from peripheral mononuclear blood cells (PMBC) by positive selection method using monoclonal antibodies. The PMBC were obtained from normal healthy donors. The role of various T cell subsets was investigated by observing their capacity to inhibit the growth of P. falciparum parasites. Results: By positive selection using monoclonal antibodies we were able to obtain a relatively pure fraction (1 95%) of Á‰ T cells from PMBC. The parasite growth inhibitory capacity of activated Á‰ T cells ranged between 6 and 55%, however, activated ·ß T cells failed to inhibit the growth. It was also observed that the inhibitory capacity of Á‰ T cells was dose-dependent and required physical contact with the organism. Conclusion: Activated Á‰ T cells have the capacity to inhibit the growth of P. falciparum parasites and thus may act as a first line of defense in controlling the blood stage infection. The significance of Á‰ T cells in influencing various bacterial infections is discussed.
Introduction
It is now well established that T cells play an important role in both the protection and the pathogenesis of patients suffering from infectious diseases. In recent years it has become clear that CD4+ T cells can be separated into subsets (TH1/TH2) based upon the repertoire of cytokines produced following stimulation, and that the distinct cytokine profile observed in these subsets determines cell function [1] . The immunological responses that contribute to resistance versus susceptibility to bacterial and parasitic infections seem to depend upon the presence of functionally distinct CD4+
T cells: T helper TH1 and TH2 cells [2] . More than 95% of the T cells express ·ß chains, however, a minor subset (1-5%) of the T cells express Á and ‰ chains [3] . Á‰ T lymphocytes are evenly distributed in peripheral blood and throughout lymphoid tissues. They are the first cells to colonize the thymus before the appearance of ·ß T cells.
With monoclonal antibodies it has now become possible to isolate sub-populations of Á‰ T cells and to investigate their functional properties. In peripheral blood Á‰ T cells are mainly of two distinct subsets. The major subset expressed VÁ9 and V‰2 whereas the minor expresses V‰1-encoded antigen [4] . The majority of Á‰ T cells lack CD4 and CD8 expression [5] . CD8, however, can be detected on a fraction of peripheral blood Á‰+ T cells. CD4 expression is even less common than CD8 expression on peripheral blood Á‰+ T cells [6] . Interestingly, CD4 is readily detected on a fraction of human fetal liver or thymus Á‰+ T cells [7] . Between 1 and 17% of splenic lymphocytes is reported to express the Á‰ T cell receptor (TCR). Á‰+ lymphocytes are preferentially localized in the red pulp of the spleen [8] .
The elevation of Á‰ T cells in acute and convalescent phase of malaria and their location in the red pulp of the spleen in malariainfected individuals [8, 9] have led to the suggestion that Á‰ T cells may play an important role in controlling blood stage infections. The present study was undertaken to study the effect of Á‰ T cells on the growth of Plasmodium falciparum malaria parasites.
Materials and Methods

Monoclonal Antibodies
The following monoclonal antibodies were used: anti-TCR-V‰2 (BB3) and anti-TCR-Á9 (A13), OKT3 (anti-CD3), OKT4 (anti-CD4) and OKT8 (anti-CD8, Dakopatts, Denmark); anti-·ß (WT 31) and anti-CD25 from Becton-Dickinson (USA).
Fractionation of ·ß and Á‰ T Cells ·ß and Á‰ T-cell-enriched fractions were prepared from the non-adherent cells of the peripheral mononuclear blood cells obtained from healthy donors using monoclonal antibodies. Briefly, adherent cells were depleted by incubation of PMBC in plastic Petri dishes in RPMI containing 10% human serum at 37°C. Nonadherent cells were recovered by subsequent gentle washing of the Petri dishes in RPMI medium. The non-adherent cells were incubated at 10 7 /ml in RPMI medium for 30 min on ice with 10 Ìg/ml each of anti-TCR-V‰2 (BB3) and anti-TCR-Á9 (A13) affinity-purified monoclonal antibodies. Excess antibodies were washed away 3 times with cold RPMI containing 10% fetal calf serum. The cells were resuspended at 10 8 /ml in the same medium and added to magnetic beads coated with anti-mouse immunoglobulin antibodies (Dynabeads, Dianova, Munich, Germany) at a concentration of 4 beads/cell. After a further incubation of 30 min on ice, bound cells were removed using a magnetic concentrator (Dianova, Germany) and washed 4 times with cold RPMI and the above procedure repeated on the cells remaining in suspension. The ·ß T cells were recovered from the cell suspension using anti-·ß (WT31) antibodies and following the same selection procedure as for selection of Á‰ T cells.
The phenotype of various effector cell preparations thus obtained was confirmed by immunofluorescent staining of effector cells. Monolayers of cells were prepared on multitest BIO-RAD adhesion slides (BIO-RAD) by fixing in 1% glutaraldehyde in phosphatebuffered saline and air drying. The fixed cells were incubated with indicated monoclonal antibodies (BB3, A13, WT31) with specificity for cell surface markers at predetermined optimal concentrations and visualized with FITC-conjugated goat antimouse immunoglobulin. The cells were examined with a Zeiss fluorescence microscope (Zeiss, Germany) at a magnification of !100. To determine the frequency of different effector cells a minimum of 2,500 cells were counted. The purity of the Á‰ T cells ranged 1 90%.
Activation of Cells
Highly purified cell fractions (2 ! 10 6 cells/ml) of both ·ß and Á‰ T cells were activated identically with phytohemagglutinin (PHA, 2.5 Ìg/ml) for 12 h with sonicated parasite crude antigen for 3 days. The cells were then washed and used in the parasite reinvasion inhibition assay.
In vitro Parasite Growth Inhibition Assay
One hundred microlitres of the parasite suspension, 1% infected red blood cells and 100 Ìl of washed Iqbal/Robina Fig. 1 . Parasite growth inhibition in vitro of P. falciparum malaria parasites with Á‰ and ·ß T cell fractions. Different effector:target cell ratios were used to analyse the growth inhibitory capacity of ·ß and Á‰ T cells. Both ·ß and Á‰ T cells were activated with PHA (2.5 Ìg/ml) for 12 h and with sonicated parasite crude antigen for 3 days. The parasites were maintained in culture for 48 h with effector cells. Percent parasite growth inhibition was calculated as described in 'Materials and Methods'. The data presented is the mean of three experiments done on T cell subsets purified from PMBC of 3 different healthy blood donors. effector cell suspension at concentrations of 0, 1.25 ! 10 5 , 2.5 ! 10 5 or 5 ! 10 5 cells were plated into 96-well flat-bottomed plates (Flow Laboratories, Irvine, Scotland) in duplicates. The plates were incubated at 37°C in 5% CO 2 in air for 48 h. Thereafter, the cell suspensions were harvested and monolayers of cells prepared on multitest slides by fixing in 1% glutaraldehyde in phosphate-buffered saline and air-dried. The percent of newly infected erythrocytes was analysed by counting infected erythrocytes in 25 fields/well. The percentage inhibition of parasite growth was calculated using the following formula: % parasite inhibition = Number of ring stages in controlNumber of ring stages in test sample Number of ring stages in control samples !100
Results
Freshly isolated inactivated Á‰ + and ·ß + did not inhibit the growth of P. falciparum parasites (data not shown). However, when these cells were activated with PHA for 12 h or with a crude parasite sonicate for 3 days, the highly enriched Á‰ T cells inhibited the growth of malaria parasite. As can be seen in figure 1 there was a dose-dependent inhibition of parasite growth which increased from 6 to 55% using Á‰ T cell:infected red blood cell ratios from 1:2 to 4:1, respectively. No significant parasite growth inhibition was observed by activated ·ß T cells regardless of the numbers of cells added to the cultures as shown in figure 1. The parasite growth inhibition seen with the cell-free supernatant obtained from activated Á‰ and ·ß T cells was less than 3.5%.
Discussion
T cells have been shown to inhibit in vitro replication of the asexual blood stages of the P. falciparum parasite [10] . In agreement with these findings, we found that both PHA-and P. falciparum antigen-activated Á‰ cells inhibit the growth of the parasite. The parasite growth inhibitory capacity of Á‰ T cells ranged from 6 to 55% with highly enriched Á‰ T cells. The inhibition was well correlated with the number of Á‰ T cells present in the cultures. The observed capacity to inhibit parasite replication in vitro was limited to Á‰ T cells since activated ·ß+ T cells failed to inhibit the parasite replication. It can of course be argued that the growth-inhibitory response of the selected Á‰ T cells was due to contaminant ·ß (CD4+/CD8+) T cells. However, since this contamination was less than 10% and no growth inhibition was seen with purified activated ·ß T cell fraction, we consider this unlikely.
Parasite growth inhibition was not seen with cell-free supernatants from activated ·ß and Á‰ T cells. The role of cytokines and the importance of cell contact in inhibiting the growth of the parasites are being investigated.
During an acute infection with malarial parasite P. falciparum circulating Á‰ cells display a marked increase in both their relative proportion and absolute numbers [11, 12] , which may persist for up to 3-4 months of convalescence [13] . A similar increase in the peripheral Á‰ cell fraction, occurring particularly during the period of fever paroxysm, has been described in non-immune patients infected with Plasmodium vivax [14] . Furthermore, a profound increase in the splenic Á‰ cell population has been reported during malaria infection, with these cells more than doubling their normal proportion to reach 40% of the total lymphocyte population [8] . In humans, the cells activated in vitro by P. falciparum are almost exclusively VÁ 9 ‰ 2 [15, 16] and express an activation marker, CD45RO, suggesting that these cells are repeatedly stimulated. Although it may be assumed that the rapid Á‰ T cell response is of importance in the primary immune response to malaria infection, the possible role of these cells in protection and/or pathogenesis of malarial disease is still being investigated.
The potential role of Á‰ T cells in the regulation of immune responses is still not very clear. However, it appears that most Á‰+ T cells possess cytolytic activity [17] . Antigens derived from M. tuberculosis have been found to induce strong proliferation of VÁ9+/V‰2+ subset both in vivo and in vitro, suggesting that Á‰ T cells might play a role in the immune defense against infection with M. tuberculosis in vivo [3, 18] . As a matter of fact, Á‰ T cells are present in skin lesions of leprosy patients, however, the Á‰ subset seen in the skin lesion is different from that seen in the peripheral blood [19] . Apart from mycobacteria, it appears that certain other bacteria also stimulate Á‰+ T cells. Among these, Staphylococcus aureus, various groups of streptococci, Salmonella typhimurium, and Listeria monocytogenes were found to induce significant activation of human Á‰+ T cells [20] [21] [22] , but the role of Á‰ T cells in these situations is unclear. In addition, there is clear evidence that Á‰ T cells accumulate in the lesions of patients with localized cutaneous leishmaniasis [23] . In chronically infected (susceptible) BALB/c mice, highly elevated numbers (up to 35%) of Á‰ T cells were present in the spleen, while in resistant CBA/J mice, the initially increased numbers of Á‰ T cells returned to normal levels after lesion resolution. In addition, the blockage of Á‰ T cells by injection of anti-TCR-Á/‰ monoclonal antibody resulted in exacerbated disease in both strains of mice. Taken together, these data suggest that Á‰ T cells might play an important role in at least certain infectious diseases.
In conclusion, our data show that activated Á‰ T cells inhibit the growth of P. falciparum parasites, while similarly activated ·ß T cells did not. Growth inhibition was not seen with inactivated Á‰ and ·ß T cells. Thus, it is likely that Á‰ T cells play an important role in the immune defense against malaria infection. The role of cytokines and the molecules involved in the growth inhibition of parasites requires further studies.
